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INTRODUCTION. 
In preceding papers  (1-4),  the interrelations of the oxidation and  reduction 
products of several bacterial hemotoxins were found to be analogous to the rela~ 
tions known to exist between the  corresponding products of hemoglobin.  That 
is, the hemolytically inactive oxidation product of the hemotoxin can be converted 
to the original active substance by reduction, just as "inactive" ferric hemoglobin 
is converted to "active" ferrous hemoglobin by the same treatment.  These re- 
versible relations between active reduced substances and their inactive oxidation 
products are of interest not only from immunological aspects, but also from the 
standpoint  of  the  general physiology of  the  bacterial  cell.  For  example,  the 
pneumococcus hemotoxin, which on last analysis must be recognized as an integral 
constituent of the bacterial cell, may be converted from the active reduced state 
to the inactive oxidized  state by biological  oxidation, and subsequently the re- 
verse change may be induced by the reducing conditions which are developed by 
the same biological  agents when air is excluded.  Although demonstrated in this 
case with a cellular constituent of unknown physiological importance, the same 
phenomenon may influence  the activity of other cell components and thus be an 
important factor in the maintenance of the activity of the bacterial cells. 
In the present investigation, the principles previously demonstrated 
(1-4)  with hemotoxlns are applied to a  study of the "reactivation" 
of  the oxidized bacteriolytic agent  of  Pneumococcus.  This type of 
bacteriolytic  agent is  not  related  at  all  to  the  agents  involved in 
the familiar immunological  bacteriolytic system.  Although it is not 
known that the bacteriolytic substance of PneumocoCcus is antigenic 
in nature,  the  present  paper is included in the series of  studies on 
the oxidation  and  reduction of  immunological substances  because 
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of  the  apparent  similarity between  the  reactivation  of  the  bacterio- 
lyric activity and  the  reactivation  of  the previously reported  hemo- 
toxins. 
The bacteriolytic enzymes or agents have been studied  chiefly by Emmerich 
and L/Sw and their associates (5).  These authorities have described "enzymes" 
of this type from a number of different bacteria, and would include  them in the 
group of nucleases  as they are believed to act upon the nucleoprotein of the bac- 
terial cell.  Emmerich (6) believed that the autolysis or dissolution  of pneumo- 
coccus cultures depended upon the action of a bacteriolytic enzyme derived from 
these bacteria, but did not report an actual demonstration of the enzyme action. 
The existence of the bacteriolytic enzyme was proved by Avery and Cullen  (7) 
who described it as a  thermolabile, intraceliular substance which  causes lysis of 
the dead bacterial bodies of pneumococci.  Unlike some of the enzymes of this 
type  (the "heteroform" enzymes of Emmerieh), the pneumococcus enzyme pos  - 
sesses a  considerable  degree of specificity,  and is without effect upon most other 
Gram-positive cocci.  More closely allied  cocci,  such  as Streptococcus ~rida~s, 
are attacked to some extent, but the action is not nearly so pronounced as upon 
pneumococci themselves.  Emmerich's belief that the bacteriolytic enzyme acts 
upon the nucleoprotein of the bacteria, may explain the limitations of the apparent 
species specificity of Avery and Cullen's enzymes.  If the nucleoprotein fraction 
serves as substrate, the slight but definite susceptibility of certain Streptococcus 
~iridans to the pneumococcus enzyme may  be paralleled by the immunological 
relations between the nucleoproteins of the same bacteria which have been demon- 
strated by Lancefield (8).  The possible relation of the bacteriolytic enzyme to 
the rapid autolysis of pneumococci is discussed  by Avery and Cullen (7). 
To avoid confusion,  it is desirable to point out that bacteriolytic agents of this 
type are distinctly different from the bacteriolysin which  is a  component of the 
more familiar immune bacteriolytie system.  The distinction  between  them is 
analogous in many respects to the distinction between the bacterial hemotoxins 
and  the  immunological hemolysins (1).  The bacteriolytic "enzymes," like the 
hemotoxins, are products of the bacterial cell, and may be considered  as primarily 
toxic substances, since  they possess  in  themselves the property of causing lysis 
of the appropriate bacteria.  The bacteriolysins, on the other hand, are sensitizing 
antibodies and unlike the bacteriolytic "enzymes," thefr lyric action is dependent 
upon  the  cooperative  mechanism  of  the  sensitizing  bacteriolysin  and  alexin 
(complement). 
It is evident from  the foregoing review that the bacteriolytic agent 
of Pneumococcus represents a  thermolabile component of the bacterial 
cell.  In  previous  studies  on  the  oxidation-reduction  activities  of 
pneumococci  (9),  it was shown  that  the bacteriolytic substance may 
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certain  other  constituents  of  the  same  bacterial  cells  as  those  from 
which  the  "enzyme" itself was  derived.  The present  paper  is  con- 
cerned with the subsequent "reactivation" of the bacteriolytic activity 
by biological reduction.  The question of the  true  "enzyme" nature 
of the  bacteriolytic agent is of no immediate  consequence since this 
substance is utilized  in  the  present  study merely as an example of a 
cellular constituent which is inactivated by oxidation. 
E  XPERIM~ENTAL. 
Methods. 
"Oxidized"  and  "Unoz~i~d" Pneumococcus  Extracts.--The  pneumococcus 
extracts consisted of the filtered extract of a concentrated suspension of unwashed 
pneumococcus cells which had been disrupted by repeated freezings and thawings 
(10).  This  type of extract  (the  "complete  system" type)  (11) contains easily 
oxidized substances  which upon exposure  to air form oxidizing agents which in 
turn inactivate much of the original bacteriolytic  activity of the extract. 
The term "oxidized" extract denotes pneumococcus extracts in which at least 
a part of the bacteriolytic agent has been oxidized by exposure to air in unagitated 
Erlenmeyer flasks.  The degree of inactivation of the bacteriolytic agent under 
these conditions  is determined  not only by the time of exposure but also by the 
oxidizing  activity  of  the  bacterial  extract.  In  the  previous  investigations  in 
which the oxidation was first described (9) the inactivation was not so pronounced 
as with the more active extracts which have been employed in the present study. 
The term "unoxidized" extract, as employed in this paper, refers to pneumo- 
coccus extracts which  have been  protected from oxidation  by a  heavy seal  of 
vaseline.  Under these  conditions,  the bacteriolytic  activity is relatively stable 
as it has been found to be unimpaired  after 3 years storage in the ice box. 
Reduction Treatment Employed in the Reactivation of the Oxidized Extracts.--The 
method employed for the reactivation of the bacteriolytic activity of the oxidized 
extracts was essentially  the same as that utilized in the reactivation of the hemo- 
toxins  by biological reduction. 
Equal portions of the oxidized extract were placed in each of two narrow test- 
tubes.  A measured amount of a suspension of anaerobic bacilli was added to one 
of the tubes which was then sealed with vaseline.  This mixture was incubated 
at 37°C. for 2 or 3 hours to allow sufficient time for its reduction.  An amount of 
salt solution  equal  in volume  to the suspension  of anaerobic  bacilli  which  was 
added to the first  tube, was then added to the second tube of oxidized extract. 
This mixture, which served as a control of the bacteriolytic activity of the oxidized 
extract before its reduction treatment, was placed  in the ice box until the time 
of  the  measurement  of the  bacteriolytic activity.  A  third  tube  containing  a 
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bated with the first mixture described.  At the end of the period allowed for re- 
duction,  the  sealed mixture of oxidized extract and anaerobic bacilli and the con- 
trol mixture of broth plus anaerobic  bacilli,  were centrifuged  at high speed  to 
remove the bacteria.  The supernatant fluids of  the reduction  mixtures  which 
were utilized  in the bacteriolytic tests proper were entirely  free from the bacilli 
used as reducing agents. 
This method of reduction treatment was chosen as it afforded a means of ob- 
taining  reduced  fluids for the bacteriolytic tests without the introduction of re- 
ducing agents into the final bacteriolytic tests themselves. 
Measurement  ofBacteriolytic  Acti~ty.--In most of the experiments, the measure- 
ments of the bacteriolytic activity consisted  in comparisons  of the activities  of 
oxidized extracts,  before and after treatment with the biological reducing agent. 
Heat-killed  suspensions of pneumococci  (Type II) were used as substrates in the 
enzyme tests.  Equal amounts of the three mixtures described above were added 
to separate series of tubes containing the heated pneumococci.  The bacteriolytic 
test mixtures  were incubated in the water bath, and the degree of bacteriolysis 
was noted at varying intervals  by observing the relative  opacity of the tubes and 
by microscopic examination  of stained  fields. 
It was found advisable  to centrifuge  the bacteriolytic test mixtures  before the 
final measurements of bacteriolysis.  The supernatant fluids were removed and the 
bacterial sediment was resuspended in 0.5 cc. of sterile salt solution.  Comparisons 
of  the  relative  turbidities  of  these  concentrated  suspensions  furnished  a  con- 
venient  means  of determining  differences in the degree of bacteriolysis.  These 
measurements  were checked  by the microscopic  examination  of films prepared 
from the same suspensions. 
Reactivation  of the Oxidized  Bacteriolytic  Agent  by  the Reducing 
Action of Bacteria. 
In the previous studies on the hemotoxins (1-4) it was shown that 
the  inactive oxidation products could, in  the absence of air,  be con- 
verted  to  the  active  form by the  reducing  action of bacteria.  Ex- 
periments  were  made  to  determine  if  the  same  biological  reducing 
agents can induce a  similar reactivation of the bacteriolytic agent. 
Cultures  of Anaerobic Bacillus  T  (a non-hemolytic  organism isolated  from a 
wound and morphologically resembling B. tetani) were grown in 50 cc. centrifuge 
tubes under vaseline seal; these cultures  were centrifuged  and the bacterial  cells 
were suspended in 1.0 cc. of sterile salt solution. 
The following test mixtures  were prepared: 
(1) 1.0 cc. oxidized pneumococcus extract +  0.5 cc. salt solution. 
(2) 1.0 cc. oxidized pneumococcus  extract  +  0.5 cc. suspension  of Anaerobic 
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(3) 1.0 cc. broth  -b 0.5 cc. suspension of Anaerobic Bacillus T. 
(4) 1.0 cc. unoxidized pneumococcus extract -{- 0.5 cc. salt solution. 
(5) 1.0 cc. unoxidized pneumococcus extract -{- 0.5 cc. suspension of Anaerobic 
Bacillus T. 
All four mixtures were centrifuged after a 2 hour period allowed for reduction 
and the supernatant fluids utilized in the bacteriolytic tests.  The further pro- 
cedure involved in the bacteriolytic tests has been described under "Methods." 
Mixtures 4 and 5 were prepared in order to prove that the treatment employed 
for reduction did not increase the hacteriolytic activity unless the extract had 
previously been oxidized. 
TABLE  I. 
"Reactivation" of the Oxidized JBacteriolytic Agent by the Reducing 
Action of Bacteria. 
Amount of 
pneumocoe~us 
extract 
0.12 
0.02 
Bacteriolytic activity of pneumococcus  extract 
"Oxidized" extract 
Not treated  After treatment 
with bacterial  with bacterial 
reducing agent  reducing agent 
+  ++++ 
4-  ++ 
"Unoxldlzed" extract 
Not treated  After treatment 
with bacterial  with bacterial 
reducing agent  reducing agent 
++++  ++++ 
++  ++ 
Controls  on 
bacterial  reduc- 
ing  agent 
0 
+ 
++ 
+÷÷ 
+++÷ 
=  no lysls. 
-- slight  lysis,  but most of the cells  still  intact. 
=  distinct lysis; few  intact cells  possessing  Gram-positive  staining 
properties. 
-- marked lysis;  no Gram-positive cells  and few cells  retaining distinct 
morphology. 
=  lysis  almost complete; no cells  possessing distinct  morphology. 
-- complete lysis;  film  shows nothing but amorphous  Gram-negative 
detritus. 
Mixture  3,  the  control  on  the  bacterial  reducing  agent,  never showed any 
evidence of bacteriolytic action.  The  results of the  tests of this mixture are 
presented  in  the  protocol of  this  experiment under  the  heading  "Controls  on 
bacterial reducing agents."  Similar control tests were made in all the following 
experiments, although it has not seemed necessary to present them in the protocols. 
The results of the experiment are given in Table I. 
It  is evident in Table I  that oxidized pneumococcus extract which 
has lost much of its bacteriolytic activity regains at least most of its 
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of  air.  The  anaerobic  bacilli  were  removed  from  the  extracts  by 
centrifugation before the bacteriolytic tests so  that  the supernatant 
fluid used in the test itself should be free from foreign bacteria.  The 
negative results exhibited in the "control on bacterial reducing agent" 
prove that the bacilli employed in  the previous reduction treatment 
contributed no substances to cause the disintegration or bacteriolysis 
of Pneumococcus.  The fact that the  same  treatment which  reacti- 
vated the oxidized extract did not increase  the  degree of activity of 
the unoxidized extract is a further control and proves that the reactiva- 
tion occurs only in extracts which contain inactive oxidation products. 
TABLE  II. 
Attempt to Reactivate, by Reduction, tke Bacteriolytic Acti~ty of Heat- 
Inactivated Pneumococcus Extracts. 
Treatment of pneumococcus  extract 
Before treatment with bacteri- 
al reducing agent 
After treatment with bacterial 
reducing agent 
Bacteriolytic  activity of pneumococcus  extract 
Heated  Unheated 
Unoxidized  OxMi~d 
e~r~t  e~ra~ 
0  o 
o  o 
Unofidi~d  OxMi~ 
extract  e~ra~ 
++++  + 
++++  ++++ 
A ttemp~ to "Reactivate" the BacWriolytic  A ctivity of Heat-Inactivated 
Pneumococcus Extract. 
It has been shown in previous papers (1-4) that the heat-inactivated 
products of the hemotoxins cannot be "reactivated" by the reduction' 
treatment  which  successfully restored  the  original  activity  to  the 
inactive oxidation products.  Experiments were made  to  determine 
if the same relation holds true in the case of the pneumococcus bac- 
teriolytic agent. 
Both unoxidized and  oxidized pneumococcus extracts were included in the 
experiments.  The extracts were heated for 10 minutes at 75°C. which is a period 
known to be slightly in excess of that sufficient  to destroy the bacteriolytic activity 
(7, 9). 
The reduction mixtures employed were analogous to those described in the 
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by the same procedure.  The results of the test with amounts of mixture equiva- 
lent to 0.2 cc. of the pneumococcus extract are presented in Table II. 
The results of these experiments  (Table II) were the same as those 
obtained  in  similar  experiments  with  the  hemotoxins.  Reduction 
treatment  which  successfully reactivates  the  bacteriolytic  action  of 
oxidized  pneumococcus  extract,  fails  entirely  to  reactivate  either 
unoxidized or oxidized extracts which have previously been inactivated 
by heat.  This  fact indicates  that  the  inactive  products  formed  by 
heat are distinctly different from the inactive products formed by the 
oxidation processes which take place in aerated pneumococcus extracts. 
Since different products are formed, the reactions involved in the in- 
TABLE  III. 
Species Specificity of tke Bacteriolytic Agent in Reactivated Pneumococcus Extract. 
Bacteriolytic agent present in 
Original,  "unoxidized"  pneumo- 
coccus extract 
Extract "reactivated"  by  reduction 
subsequent to oxidation 
Heated controls of  both of  the 
above types  of  pneumococcus 
extract 
Pneumococci 
++++ 
++++ 
o 
Bacteriolytic  action  upon 
Hemolytic 
streptococci  Staphylococci 
activations by heat and by oxidation must also be of different nature. 
While  the inactivation  by oxidation  appears  to be similar  in nature 
to  the  reversible  change  of  hemoglobin  to  methemoglobin,  the  in- 
activation  by heat  can  be assumed  to represent  a  protein  denaturi- 
zation. 
Species  Specificity  of  the  Bacteriolytic  Agent  in  Reactivated 
Pneumococcus Extracts. 
Avery and Cullen (7)  have shown that the pneumococcus bacterio- 
lyric  enzyme  is  species-specific,  causing  the  rapid  disintegration  of 
killed  pneumococci,  but  not  attacking  the  cells  of  other  bacterial 
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not  the  bacteriolytic  agent  in  reactivated  pneumococcus  extracts  is 
likewise without effect upon bacterial cells of other species. 
The bacteriolytic tests were made upon heat-killed  suspensions  of pneumo- 
coccus,  Streptococcus haemolyticus, and Staphylococcus aureus.  Both unoxidized 
pneumoeoccus extract which  had never been exposed to air, and oxidized extract 
which had been reactivated by bacterial reduction, were added to separate tubes 
containing the suspensions  of each of the different species of bacteria. 
A control series  was included,  in which  heat-inactivated portions of both re- 
duced and oxidized pneumoeoccus extracts were tested against each of the different 
kinds of bacteria. 
The protocol of the experiment is condensed in Table III. 
The  results of this  experiment  (Table III)  show that the  bacterio- 
lytic  agent  present  in  reactivated  pneumococccus  extracts  possesses 
the same species specificity as that exhibited  by the original bacterio- 
lyric  agent  contained  in  the  untreated  or  original  bacterial  extract. 
This fact presents further evidence that  the reactivated bacteriolytic 
agent  is  identical  with  the  original  bacteriolytic  enzyme  since  it  is 
difficult to conceive of an extraneous bacteriolytic substance possessing 
by  chance  the  same  biological  specificity. 
Separation of the tIemotoxin and the Bacteriolytic A gent, Both of Which 
Are Present in Pneumococcus Cell Extracts. 
The similarity in the general nature of the results of the previous investigation 
of the reactivation of the hemotoxin of Pneumococcus to the results of the present 
study of the reactivation of the bacteriolytic enzyme, makes it highly desirable 
to determine whether or not the hemolytic and bacteriolytic agents are distinct 
and separate substances.  Both  the  hemolytic and  bacteriolytic properties are 
functions of one or more constituents of the pneumococcus cell, and hence,  both 
properties are exhibited by the pneumococcus cell solutions.  In a previous study 
of the oxidation of pneumococcus enzymes (9), it was found that the bacteriolytic 
property of the bacterial extract was more resistant both to heat and to oxidation 
than is the hemotoxin.  Although it is possible to obtain an extract in which all 
the  hemolytic activity has been destroyed by heat  or by oxidation  treatment 
without a total inactivation of the bacteriolytic property, this distinction between 
the labilities of the hemolytic and bacteriolytic properties is not conclusive proof 
that the two properties (bacterlolysis and hemolysis) are functions of distinct and 
separate cellular substances. 
The  following  experiments  were  designed  to  obtain  a  more  satis- 
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sis  and  in  pneumococcus hemolysis.  Pneumococcus extracts  which 
exhibited  both  the  hemolytic and  bacteriolytic properties  were  ab- 
sorbed with red  blood  cells to remove  the  hemotoxin  or other  sub- 
stances which are responsible for the hemolytic action of the bacterial 
extract.  Tests were then made to determine whether removal of the 
hemolytically  active  substances  from  the  extract  likewise  removed 
the  active  substances  concerned in  the  bacteriolytic action. 
A bsorption of the tIemotoxin.--Pneumococcus extract, which contained both the 
hemotoxin and bacteriolytic agent in the reduced or active condition, was diluted 
with 10 times its volume of sterile, cold salt solution.  Two 10 cc. portions of the 
diluted extract were placed in an ice bath and held there for 3 hours, to ensure a 
temperature of 0°C. before the absorption was attempted.  Washed blood cells 
(rabbit)  were likewise held in the ice bath for several hours before the experiment 
proper was begun. 
1 cc. of the cold blood cells was then added to one of the tubes of diluted pneumo- 
coccus extract.  The tube was shaken gently but thoroughly at the time the blood 
ceils were added, and also at 15 minute intervals  during the 4 hour period allowed 
for the "absorption" of the hemotoxin.  No blood cells were added to the second 
tube of diluted pneumococcus extract, which served as the "unabsorbed" control. 
At the end of the period allowed for the combination of the blood cells and hemo- 
toxin, 5 cc. portions of the "absorbed" mixture and of the "unabsorbed" control 
were removed and centrifuged.  The supernatant fluid was removed from both 
the "absorbed" and "unabsorbed" test mixtures.  "Titrations" of the bacterio- 
lytic and hemolytic activities  of these  fluids were then made by the previously 
described methods. 
The hemotoxin  titrations of the supernatant fluid of the "absorbed" mixture 
tested the presence  or absence  of active hemotoxin  after treatment with blood 
cells.  In order to prove that the hemotoxin was removed by actual combination 
with the blood cell and not simply rendered  inactive by the "absorption" treat- 
ment, the centrifuged  cells were washed once with cold salt solution to eliminate 
the possibility  of traces of free lysin in the residual sediment,  and  the washed 
cells  resuspended  in  salt  solution.  The prompt  hemolysis  of  the  "absorbed" 
cells when the suspension was placed at 37°C. was accepted as evidence of previous 
combination  of the erythrocyte and the hemotoxin. 
A further control test was included  to eliminate  the possibility  of the lysin 
having been inactivated by oxidation during the absorption period.  This control 
consisted  in tests for the presence  of oxidized lysin in the supernatant fluid by 
including a duplicate  series of hemotoxin titrations with fluids treated with hydro- 
sulfite which would reactivate any of the oxidized form which might have been 
present. 
Temperature  Precautions.--The  success of experiments  of this  type depends 
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involved in the "combination"  and in the "injury" functions of the hemotoxin. 
Therefore, it is necessary to take the utmost precautions  to avoid even slight 
rises of temperature in the mixture of pneumococcus extract blood cells during the 
"absorption"  period.  The apparatus  (pipettes, etc.)  was chilled in the ice box 
before use in the experiment and  all stages of the manipulation  including the 
centrifugation were carried out at a temperature  of 2°C. 
The results of this experiment (Table IV) present proof that different 
substances are involved in  the bacteriolytic and hemolytic activities 
of pneumococcus  extracts.  The  tests  of  the  hemolytic  activity  of 
supernatant fluid (Table IV) proved that the hemotoxin was completely 
removed  from  the  "absorbed"  fluid.  The  prompt  hemolysis which 
took place when the "absorbed" blood cells were resuspended in warm 
salt solution, proved that the hemotoxin was actually combined with 
TABLE  IV. 
Separation of the Hemotoxin and the Bacteriolytic Enzyme  Contained in 
Pneumococcus Extracts. 
Pneumococcus extract 
After absorption with 
red blood cells 
Unabsorbed 
Bacteriolytic activity 
0.20 cc.  0.02 cc. 
++++  + 
++++  + 
Hemolytic activity 
0.20 cc.  0.02 cc. 
o  o 
++++  ++++ 
the  red  cells  and  not  simply  rendered  inactive  by  the  absorption 
treatment. 
Unlike the hemotoxin, the bacteriolytic agent does not combine with 
red blood cells.  The pneumococcus extract from which all the hemo- 
toxin has  been removed by "absorption,"  still  exhibits marked  bac- 
teriolytic properties.  These results are evidence that  the hemotoxin 
and bacteriolytic agent contained in pneumococcus extracts represent 
two distinct  substances, only one of which possesses the property of 
combining  with  erythrocytes  at  low  temperature.  This  proof  of 
the separate identity of the hemotoxin and bacteriolytic agent is not 
only of considerable  importance  in  itself,  but  it  shows that  the  re- 
activation of the bacteriolytic agent represents a  new example of the 
restoration of the original activity of a pneumococcus cell component 
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The "absorption" of the hemotoxin is of theoretical interest  from an immuno- 
logical point of view since it illustrates  a  fundamental likeness in the action of 
bacterial hemotoxins and of the true toxins.  The actual hemolysis by the hemo- 
toxin, like cell injury by true  toxins, includes  two reactions--(1)  combination of 
the  toxic  substance  with  a  cell  for which  it  has  specific  affinity,  (2) injury of 
the cell  with which  it  has combined.  The  most satisfying proof that  two  re, 
actions are involved is furnished by the successful removal of the cell-hemotoxin 
combination from reaction mixtures held at 0°C.; and by the subsequent  rapid 
injury of the cell which occurs in suspensions of the cell-hemotoxin combination 
as soon as the temperature is raised.  The phenomenon of "absorption" depends 
upon differences in relative speeds of the two reactions, and not upon the complete 
inhibition of the second reaction for hemolysis takes place even at 0°C. if the mix- 
tures are allowed to stand for longer periods of time. 
The Reversible Inactivation  (Oxidation) and Reactivation (Reduction) 
of the Pneumococcus Bacteriolytic Enzyme,  by Living 
Pneumococcus Cells. 
It has been shown in preceding experiments that the inactive oxidation products 
of the bacteriolytic agent can be converted to the original active condition by 
reduction processes induced by other bacteria.  Since it has been proved that the 
bacteriolytic substance  represents  an'integral constituent  of the pneumococcus 
cell,  it  is  of considerable  importance  to determine  if the  living Pneumococcus 
itself can likewise effect the "reactivation" of the inactive oxidation products of th!s 
cellular component.  Pneumococci manifest either oxidizing or reducing powers 
dependent upon the presence or absence of air,  and in the following experiment 
tests were made to determine whether these bacteria can induce both the oxidation 
(inactivation)  and reduction  (reactivation)  of the bacteriolytic agent under the 
proper conditions of oxygen tension. 
By using only young unautolyzed pneumococci, it was possible to remove 'tt/e 
bacteria by centrifugation and to obtain a  supernatant  solution which included 
no bacteriolytic substances introduced by the microorganisms used as the oxidlking 
and reducing agents.  Control mixtures of broth and pneumococci were prepared 
at the time of each oxidation and reduction treatment to prove this point. 
The experiment was similar in nature to previous experiments in which pneumo- 
cocci were employed in the reversible oxidation and reduction of hemoglobin (12) I 
and  of pneumococcus hemotoxin  (1). 2  The procedure  included  the  successive 
reversible oxidation and reduction of the bacteriolytic agent by fresh suspensions 
of young, living pneumococci.  The  oxidation was effected by aeration  of the 
mixture of enzyme solution and bacterial cells.  After allowing time for the oxi- 
t Neill  (12),  Table II. 
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dation  of the bacteriolytic agent, the pneumococci were removed by centrifugation, 
and tests were made of the  bacteriolytic activity of the supernatant fluid.  The 
oxidized solution was then again reduced by adding a  fresh suspension of young 
pneumococci and sealing the reduction mixture.  At the end of the period allowed 
for reduction, the mixture was centrifuged and tests were made of the bacteriolytic 
activity of the supernatant fluid of the reduced solution. 
TABLE  V. 
The Reversible Inactivation  and "Reactivation"  of P~,eumococcus Bacteriolytic 
Enzymes by Living Pneumococcus Cells. 
Oxidation or reduction 
mixture 
Solution I 
Solution II 
Solution HI 
Solution IV 
Supematants  of 
controls  (broth 
plus young pneu- 
nococci) for each 
reduction  and 
oxidation  mix- 
ture 
Treatment 
Original pneumo- 
coccus extract 
Solution I  after 
oxidation 
Solution  II after 
reduction 
Solution III after 
oxidation 
Oxidizing or reducing 
agent 
Sterile  pneumo- 
coccus  extract 
sealed from air 
Sterile  pneumo- 
coccus  extract 
exposed  to  air 
Young,  intact 
pneumococci in 
absence  of  air 
Young,  intact 
pneumococci in 
presence of air 
Period of 
oxidation 
or 
reduction 
hrs. 
24 
Bscteriolytic activity 
(Amounts of 
mixture in terms of 
i  original pneumococcus 
extract) 
0  '~cc.  0.02 cc. 
+-++  +++ 
+  + 
+~  ++  ++ 
t-  4- 
0  0 
The sequence of conversions of the bacteriolytic agent in the same bacterial 
extract from  the  active reduced form  to  the  inactive  oxidized form,  and  back 
again, is outlined in Table V.  Solution I  represents  the  original (unoxidized) 
pneumococcusextract at the beginning of the experiment, in which all the bacterio- 
lytic agent is in the active state.  The first oxidation was effected by the oxidizing 
agents formed in the extract itself when exposed to air.  It is believed that  the 
successive oxidations (inactivations) and  reductions  (reactivations) in  Solutions JAMES  M.  NEILL  AND  WILLIAM  L.  FLEMING  275 
II, III, and IV can be referred directly to the oxidizing  or reducing action of the 
young pneumococci  added to the respective mixtures. 
The results of this experiment (Table V) indicate that  living pneu- 
mococcus cells possess the ability either to oxidize (inactivate) or to 
reduce (reactivate) the bacteriolytic agent.  These results are analo- 
gous to the results of a similar experiment with the hemotoxin in which 
it was shown that pneumococci possess a like capacity to oxidize and 
reduce reversibly this substance.  The direction of the action (oxida- 
tion or reduction) is, in each instance, determined by the presence or 
absence  of  air.  Pneumococci, however,  require  a  longer period  of 
time to effect the reduction of either of these substances than is  re- 
quired for their oxidation under the appropriate conditions. 
Both  the  hemotoxin and  the  bacteriolytic agent  are  actual  com- 
ponents of the pneumococcus cell.  Hence, a  demonstration of their 
reactivation by living pneumococci presents evidence that the inactive 
oxidation products of certain cellular constituents can be converted to 
their original active state by reduction processes induced by bacterial 
cells of the sort from which the cellular substance itself was originally 
derived. 
DISCUSSION. 
The bacteriolytic agent in pneumococcus extracts is inactivated by 
oxidizing  agents.  It  is  shown  in  this  paper  that  the  bacteriolytic 
activity of oxidized pneumococcus extracts can be restored by treat- 
ment with the biological reducing agents which were used in'former 
studies on the "reactivation" of oxidized hemoglobin and oxidized hemo- 
toxins.  By employing biological agents (anaerobic bacteria) for the 
reduction of the previously oxidized extracts it was possible to remove 
the reducing agent from the test fluids prior to the measurements of 
bacteriolytic activity.  In  this  respect,  the use of the biological re- 
ducing  agent  seemed preferable  to  the  use  of  soluble  chemical re- 
agents which would be carried over with the test fluids and perhaps 
affect the subsequent bacteriolytic action. 
The  reactivation of the  bacteriolytic activity of the oxidized ex- 
tracts by means of biological reducing agents appears  to be  similar 
in  nature  to  the  previously reported  reactivation  of  the  oxidation 
products of hemoglobin and bacterial hemotoxins.  With  the latter 276  OXIDATION  AND  REDUCTION.  VI 
substances, there seems to be no question that the reactivation repre- 
sents a  reduction; the following experimental evidence indicates that 
the reactivation of the bacteriolytic agent involves the same type of 
reaction.  First, numerous controls proved that the biological agents 
used  for  the  reduction  did  not  themselves  contribute  any  foreign 
soluble  substances  possessing  bacteriolytic activity.  Secondly,  the 
reactivation seems to  be  dependent upon the presence of oxidation 
products,  for  no  reactivation occurred except in pneumococcus ex- 
tracts  which  had  previously  been  oxidized.  Thirdly,  the  species 
specificity of the bacteriolytic action of reactivated extracts presented 
biological  evidence  that  the  bacteriolytic  agent  in  the  reactivated 
extracts  is  identical  with  that  in  the  original  extract.  With  the 
support of these three lines of evidence, it is reasonable to believe that 
the described reactivation of the oxidized bacteriolytic agent, like the 
similar reactivation of oxidized bacterial hemotoxins, is essentially a 
reduction process  which  converts an  inactive  oxidation product  to 
the original active (reduced) form. 
Although its possible enzyme nature is of no immediate consequence, 
it is important to emphasize the fact that the bacteriolytic substance 
must be considered as an actual constituent of the pneumococcus cell. 
Whether or not it is itself of any importance in the life of the cell, it 
represents an example of a cellular component which is inactivated by 
oxidation and which can subsequently be reactivated by reduction. 
These relations appear particularly significant in view of the experi- 
mental demonstration (Table V) that living pneumococci themselves 
can bring about either of these two reactions, under the proper condi- 
tions of oxygen tension.  Thus, from a physiological point of view, the 
above  results present  an  example of the  conversion of the inactive 
oxidation product of a  cellular constituent to its original active state 
by means of reduction processes induced by bacterial cells of the sort 
from which the substance was originally derived.  It is evident that 
if similar reversible relations  hold  for  other  cell  components,  phe- 
nomena of this nature must play an important part in the maintenance 
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SUMMARY. 
The methods previously employed in the study of hemotoxins have 
been applied in thepresent investigation to the oxidation and reduc- 
tion of the bacteriolytic substance of Pneumococcus.  It is shown that 
the bacteriolytic agent, previously inactivated by oxidation,  can be 
"reactivated" by treatment with bacterial reducing agents.  Evidence 
is  presented  that  this  "reactivation"  represents  the  reduction  of 
inactive, reversible oxidation products to the original active substance. 
The bacteriolytic agent is an integral constituent  of  the  pneumo- 
coccus cell, which can be separated from the hemotoxin by absorption 
with red blood cells in the cold. 
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